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SUBJECT: Remarks on RCS Plume Deflector Being DATE: June 6, 1969 
Considered for LM-5 and Subs - Case 320 

A. S. Haron 

ABSTRACT 

The installation of four plume deflectors under the 
downward-facing RCS nozzles has been recommended by GAEC in 
I~~~~~~~~~ t~ t h e  r e c e l z t  upwmd- r e v i s i o n  of the RCS firings duty 
cycle. Tenth-scale shock-tunnel tests conducted by GAEC have 
been correlated with full-scale vacuum chamber tests conducted 
at MSC. A decision to install the deflectors on LM-5 only was 
reached at the CCB meeting of May 28, 1969. 
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While the installation of the plume deflectors would 
permit lightening of some of the D/S heat shield assemblies, 
it is impractical to do that on LM-5 and LM-6 because of schedule 
impact. However, an ernest attempt should be made to accoiiipilsh 
this shield weight savings on LM-7 and subs, if the deflectors 
are to be installed on these vehicles. 
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MEPIORANDUM FOR FILE 

Plume impingement from t h e  RCS n o z z l e s  f a c i n g  t h e  LM 
Descent  S t a g e  (D/S) imposes a s e v e r e  h e a t i n g  l o a d  on t h e  heat  
shield used  f e r  thermal p r o t e c t i o n  o f  t h e  c o n t e n t s  of  b o t h  t h e  
D/S and t h e  lower  p o r t i o n  o f  t h e  Ascent  S t a g e .  T h i s  heat  s h i e l d  
was i n i t i a l l y  d e s i g n e d  to b e  compa t ib l e  w i t h  a d u t y  c y c l e  i n  
which t h e  maximum f i r i n g  d u r a t i o n  was 1 5  seconds  i n  any 1 5  
minu te  p e r i o d .  
i n c o r p o r a t e  a manual l a n d i n g  mode r e q u i r i n g  25% f i r i n g  o v e r  a 
p e r i o d  o f  1 4 1  s econds ,  l a t e r  mod i f i ed  to 2 0 %  f i r i n g  o v e r  1 2 0  
s e c o n d s .  

MSC r e v i s e d  t h e  d u t y  c y c l e  i n  November 1968 to 

GAEC s t a t e s  t ha t  tr ie i n c r e a s e  in FiCS Tii-ii-~g t ime  
makes i t  n e c e s s a r y  to i n s t a l l  f o u r  plume d e f l e c t o r s ,  one unde r  
e a c h  downward-f i r ing n o z z l e .  Each d e f l e c t o r  ( F i g u r e  1) 
i s  abou t  4 5 "  l o n g  and i s  c o n f i g u r e d  as a c h u t e  encompassing a 
47' a r c .  I t  i s  c o n s t r u c t e d  o f  a l a m i n a t e  c o n s i s t i n g  o f  a t o p  
l a y e r  o f  1 . 2 5  m i l  i n c o n e l  backed b y  2 to 6 l a y e r s  o f  0 . 5  m i l  
n i c k e l ,  a l t e r n a t e l y  s e p a r a t e d  b y  i n c o n e l  mesh. Each c h u t e  i s  
s u p p o r t e d  b y  a s t r u c t u r a l  framework mounted on t h e  D/S. The 
f r o n t f a c e  o f  t h e  c h u t e  i s  c o a t e d  w i t h  b l a c k  p a i n t  (2.0.8) and 
t h e  backface  i s  c o a t e d  with ~ j h l t e  s L z o n  ( E = O .  23). Tests ccfi- 
d u c t e d  b y  G A E C  i n d i c a t e d  maximum t e m p e r a t u r e s  o f  lgOO°F (23OOOF 
a l l o w a b l e )  and 7OO0F (lOOO°F a l l o w a b l e )  f o r  t h e  f r o n t f a c e  and 
b a c k f a c e ,  r e s p e c t i v e l y .  Such d e f l e c t o r s  would n o t  o n l y  h a n d l e  
t h e  a d d i t i o n a l  h e a t  f l u x  imposed b y  t h e  r e v i s e d  RCS-f i r ing  d u t y  
c y c l e  b u t  a l s o  p e r m i t  some l i g h t e n i n g  o f  t h e  h e a t  s h i e l d s  o f  
f u t u r e  LM v e h i c l e s  now b e i n g  f a b r i c a t e d .  

To s u p p o r t  t h e  need f o r  t h e  d e f l e c t o r s ,  G A E C  conducted  
a t e n t h - s c a l e  shock- tunnel  t e s t  program i n  November 1968.  The 
main t e s t  o b j e c t i v e  was t o  i n v e s t i g a t e  t h e  a c c u r a c y  o f  t h e i r  
a n a l y s i s  p rocedure  which was used  t o  show t h a t  t h e  heat s h i e l d  
i n s t a l l e d  on LM-5 would o v e r h e a t  under  t h e  more s e v e r e  2 5 %  RCS 
d u t y  c y c l e .  I n  A p r i l  and May 1 9 6 9 ,  f u l l - s c a l e  t e s t s  were con- 
d u c t e d  a t  MSC/Chamber A u s i n g  an  a c t u a l  R C S  e n g i n e  f i r i n g  i n  
acco rdance  w i t h  t h e  l a t e r ,  l e s s  s e v e r e ,  pre-touchdown d u t y  c y c l e .  
Heat f l u x  and p r e s s u r e  d i s t r i b u t i o n  data  o b t a i n e d  from t h e  t e s t s  
i n  Chamber A ,  and no rma l i zed  w i t h  r e s p e c t  t o  data  o b t a i n e d  from 
t h e  G A E C  t e s t s ,  have been used t o  e s t a b l i s h  t h a t  t h e  LM-5 thermal 
p r o t e c t i o n  sys t em i s  marg ina l .  Thus a recommendation was made 
t h a t  t h e  d e f l e c t o r s  be i n s t a l l e d  on LM-5 and subsequen t  v e h i c l e s .  
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A t  t h e  C C B  mee t ing  of May 2 8 ,  i t  was d e c i d e d  t o  go 
ahead  w i t h  t h e  i n s t a l l a t i o n  of  t h e  d e f l e c t o r s  on LM-5 o n l y ,  
s i n c e  such  a d e c i s i o n  c o u l d  not  be  d e l a y e d .  With regards  t o  
LM-6 and s u b s ,  t h e  d e c i s i o n  w i l l  b e  made l a t e r ,  f o l l o w i n g  
f u r t h e r  s t u d y  o f  t h e  t e s t  r e s u l t s .  

It s h o u l d  b e  re-emphasized t h a t  t h e  i n s t a l l a t i o n  o f  
RCS-plume d e f l e c t o r s  w i l l  p e r m i t  a s i z a b l e  r e d u c t i o n  i n  t h e  heat  
s h i e l d  o f  f u t u r e  LM v e h i c l e s .  While s c h e d u l e  impact  w i l l  n o t  
a l l o w  rework ing  t h e  h e a t  s h i e l d  on LM-5 and LM-6, an  e r n e s t  
a t te i zp t  s h ~ ~ l i l  h e  made t o  r e - c o n f i g u r e  t h e  heat  s h i e l d  o f  LM-7 
and subsequen t  v e h i c l e s ,  t h u s  r e a l i z i n g  a wor thwhi l e  s a v i n g  i l i  
o v e r - a l l  weight  ( t h e  i n e r t  weight  of a l l  f o u r  d e f l e c t o r s  i s  
3 2 . 6  lbs.). 

L A  b w  
A .  S .  Haron 

2 0  31-ASH-pmj 

A t  t a c hment 
F i g u r e  1 
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